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Transglutaminase 2 (TG2), a cross-linking enzyme, is involved in drug resistance and in the 
constitutive activation of nuclear factor kappa B (NF-kB). We investigated the association 
of non-small cell lung cancer (NSCLC) treatment efficacy with T62 and NF-kB expression in 
120 patients: 102 with adenocarcinoma and 18 with other histologic types. All patients 
underwent surgery; 88 received adjuvant chemotherapy, with 28 receiving platinum-based 
doublet chemotherapy as first-line treatment and 29 receiving epidermal growth factor 
receptor (EGFR)-tyrosine kinase inhibitor (TKI) therapy. Patients' TG2 and NF-kB expression 
values were calculated semiquantitatively. The median TG2 value was 50 (range, 0-300) 
and the median NF-kB value was 20 (range, 0-240). Disease-free survival did not differ 
between the low- and high-TG2 groups. Among patients who received palliative platinum- 
based doublet chemotherapy, progression free survival (PFS) was longer in the low-TG2 
group than in the high-TG2 group (11 .0 vs. 7.0 months; P= 0.330). Among those who 
received EGFR-TKI therapy, PFS was also longer in the low-TG2 group than in the high-TG 
2 group (11 .0 vs. 2.0 months; P= 0.013). Similarly, in EGFR wild-type patients treated 
with EGFR-TKI, PFS was longer in patients with lowTG2 expression (9.0 vs. 2.0 months; 
P = 0.01 3) . TG2 expression levels can predict PFS in patients with NSCLC treated with 
EGFR-TKI. 

Keywords: Transglutaminase 2, NF-kB, Lung Neoplasms 



INTRODUCTION 

Lung cancer is the most common cause of malignancy-related 
death in Korea. In 2011, an estimated 21 902 new cases of lung 
and bronchial cancer were diagnosed, in 15 496 men and 6406 
women (1). Approximately 85% of lung malignancies are repre- 
sented by non-small cell Ixmg cancer (NSCLC). Recentiy, the 
presence of mutation in the epidermal growth factor receptor 
(EGFR) hasve been used as molecular predictive factors of treat- 
ment efficacy for EGFR-tyrosine kinase inhibitors (TIGs). 

The nuclear factor kappa B (NF-kB) pathway is associated 
with limg cancer carcinogenesis, EGFR-TKI resistance, and cy- 
totoxic chemotherapy resistance (2-7). The NF-kB family of tran- 
scription factors has 5 members in mammalian cells: RELA 



(also known as p65), REL (also known as c-REL), RELB, p50, 
and p52; these factors form either homodimers or heterodi- 
mers. In resting cells, NF-kB dimers are normally kept in an in- 
active state by their association with proteins of the inhibitor of 
kB (IkB) family. 

Transglutaminases (TGs) are a family of calcium-dependent 
enzymes involved in the posttranslational modification of pro- 
teins. They catalyze cross-linking via e-(Y-glutamyl) lysine iso- 
peptide bonds or through incorporating primary amines at se- 
lect glutamine residues. The 8 TGs that have been identified in 
mammals and humans all require proteolytic cleavage of pro- 
peptides, and 3 of these (TG2, TGS, and TGS) are inhibited by 
guanosine triphosphate. Tissue transglutaminase (TG2, also 
known as tTG) is the most diversely functioning and ubiquitous 
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member of the TG family (8). 

The interaction between TG2 and IkBu leads to constitutive 
activation of NF-kB and confers protection against stress-in- 
duced cell damage caused by reactive oxygen species, inflam- 
matory cytokines, and chemotherapeutic drugs. This suggests a 
new paradigm for TG involvement in NF-kB activation that does 
not require kinase-ubiquitin-proteasome signaling for consti- 
tutive NF-kB activation. Interestingly, it has been reported that 
TG2 expression correlates with drug resistance (9,10). TG2 in- 
hibition results in increased sensitivity to chemotherapeutic 
drugs; in other words, TG2 inhibition may represent a poten- 
tially usefiil treatment for certain cancers (11). 

Methylation of the transglutaminase 2 gene (TGM2) promot- 
er can predict patients' response to cisplatin treatment, and 
TG2 inhibition appears to be an effective cisplatin-sensitizing 
modality in patients with NSCLC (12). Furthermore, a higher 
level of TG2 expression is significantly correlated with recur- 
rence and shorter disease-free survival (DFS) in patients with 
NSCLC. 

The objectives of this study were 1) to immunohistochemi- 
caUy assess NF-kB and TG2 expression in NSCLC tumor sam- 
ples; 2) to evaluate the relation between NF-kB and TG2 expres- 
sion and the clinicopathological parameters of NSCLC; 3) to 
estimate the prognostic ability of these semiquantitative NF-kB 
and TG2 values for survival in patients with resected NSCLC tu- 
mors; and 4) to evaluate NF-kB and TG2 values as predictive 
factors of the efficacy of cytotoxic chemotherapy and EGFR-TKI 
treatment. 

MATERIALS AND METHODS 
Patients 

We retrospectively analyzed archived slides and medical re- 
cords from the lung cancer registry of Yonsei University College 
of Medicine in Seoul, Korea. We selected 120 patients with re- 
sected lung cancer who were treated between 2004 and 2011. 
All patients had adenocarcinoma histology at diagnosis, EGFR 
mutation testing results available, and all underwent curative 
pulmonary resection. We excluded patients who died of a sec- 
ondary malignancy during the study period. Clinical data were 
obtained from the medical records. 

Preparation of tissue microarray and 
immunohistochemical staining 

All study patients had paraffin-embedded tissue specimens 
available for immunohistochemical staining. The recipient blocks 
were made from purified agar in 3.8 x 2.2 x 0.5-cm frames. The 
paraffin donor blocks were prepared after a thorough evalua- 
tion of the hematoxylin and eosin-stained slides. Two adjacent 
areas of a carcinoma from matching donor blocks were trans- 
planted to the recipient blocks using a 2 mm core needle. We 



also constructed an array of samples from adjacent normal tis- 
sue areas using paraffin-embedded formalin-fixed tissue blocks. 
Consecutive sections, with a thickness of 4 |im, were cut from 
the recipient blocks using an adhesive-coated slide system (In- 
strumedics Inc., Hackensack, NJ, USA). The 4 |im sections were 
placed on silane-coated slides, deparaffinized, immersed in 
phosphate-buffered saline (PBS) containing 0.3% (vol/vol) hy- 
drogen peroxide, and then processed in a microwave oven (10 
mmol/L sodium cittate buffer, pH 6.5, for 15 min at 700 W). Af- 
ter blocking with 1% (wt/wt) bovine serum albumin in PBS 
containing 0.05% (vol/vol) polysorbate 20 detergent solution 
for 30 min, the slides were incubated overnight at 4°C with NF- 
kB p65 (Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) 
and TG2 (NeoMarkers Inc., Fremont, CA, USA). The final reac- 
tion product was visualized with the addition of 0.03% (wt/vol) 
of 3,3 '-diaminobenzidine tetrachloride for 5 to 20 min (13). 

Evaluation and scoring 

AU immunostained tissue sections were evaluated and scored 
by a single investigator who was blinded to all clinical and path- 
ological information. For each sample, 1,000 cells were assessed 
in 3 or 4 different fields at 400 x magnification. 

NF-kB expression was detected by brown cytoplasmic stain- 
ing of varying intensity in the neoplastic cells. Positivity for NF- 
kB expression was defined as distinct cytoplasmic immunos- 
taining. The staining intensity was scored on a scale of 0 to 3: 0, 
no staining of cancer cells; 1, weak staining; 2, moderate stain- 
ing; 3, strong staining. The percentage of stained tumor cells 
was then scored from 0% to 100%, and these 2 scores were mul- 
tiplied (14). NF-kB expression was defined as low if the result 
was less than the median value of all calculated products; ex- 
pression was defined as high if the result was greater than the 
median value. Lymphocytes within the tissue sections were 
used as positive internal controls, as they consistentiy showed 
positive nuclear staining. 

Immunostaining for TG2 was similarly graded semi-quanti- 
tatively, considering both the staining intensity and the percent- 
age of positive tumor cells, by a single study pathologist blinded 
to the clinicopathologic variables. The staining intensity was 
scored on a scale of 0 to 3: 0, no staining of cancer cells; 1, weak 
staining; 2, moderate staining; 3, strong staining. The percent- 
age of stained tumor cells was scored from 0% to 100%, and the 
2 scores were multiplied (14). TG2 expression was defined as 
low if the result was less than the median value for TG2; TG2 
expression was defined as high if the result was more than this 
median value. TG2 expression was found in cells of normal 
structure, specifically in smooth muscle cells and blood-vessel 
endothelial cells. However, there was no expression in alveolar- 
or bronchial epithelial cells. 
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EGFR mutation testing 

DNA was extracted from 5 paraffin sections, each f 0 |a,m thick 
and containing a representative portion of each tumor block, us- 
ing the QIAamp DNA Mini Kit (Qiagen, Hilden, Germany) (15). 
DNA samples of 100 ng were amplified in a 20 |aL reaction solu- 
tion containing 2 |a,L of lOX buffer (Roche Diagnostics GmbH, 
Mannheim, Germany), 1.7 to 2.5 mM/L of magnesium chloride, 
0.3 pM of each primer pair (exon 18, F:5'-tccaaatgagctggcaagtg, 
R:5'-ccacacag-caaagcagaaactcac; exon 19, F:5'-atgtggcaccatc- 
tcacaaattgcc, R: 5'-ccacacagcaaagcagaaactcac; exon 21, F: 5'- 
gctcagagcctggcatgaa, R: 5'-catcctcccctgcatgtgt; exon 23, F: 5'- 
tgaagcaaattgcccaagac, R: 5'-tgacatttctccagggatgc), 250 |xM of 
deoxynucleoside triphosphate, and 2.5 units of DNA polymerase 
(Roche Diagnostics GmbH, Mannheim, Germany). Amplifica- 
tions were performed using a 5 min initial denaturation at 94°C; 
followed by 30 cycles of 1 min at 94°C, 1 min at 55°C, and 1 min 
at 72°C; and a 10 min final extension at 72°C. Polymerase chain 
reaction (PGR) products were then purified with a 2% QLAgen 
gel extraction kit (Qiagen, Hilden, Germany). The templates 
were processed for the DNA sequencing reaction using ABI- 
PRISM BigDye Terminator, version 3.1 (Applied Biosystems, 
Inc., Foster City, CA, USA) with both forward- and reverse se- 
quence-specific primers. A total of 20 ng of purified PGR prod- 
uct was used in a 20 |j,L sequencing reaction solution contain- 
ing 8 |xL of the terminator solution and 0. 1 [iM of the same PGR 
primer. Sequencing reactions were performed using a 2 min 
initial denaturation at 96°C; followed by 25 cycles of 10 sec at 
94°C, 15 sec at 50°C, and 3 min at 60°C. Sequence data were 
generated using the ABI PRISM 3100 genetic analyzer (Applied 
Biosystems Inc., Foster City, CA, USA). Sequence variation was 
analyzed using Sequencer 3.1.1. software (Applied Biosystems 
Inc., Foster City, CA, USA). 

Statistical methods 

Statistical analyses were performed using Statistical Package for 
the Social Sciences (SPSS) software, version 18.0 for Windows 
(SPSS Inc., Chicago, IL, USA). The association between categor- 
ical variables, such as NF-kB and TG2 expression values, was 
estimated by the -j^ test or Fisher's exact test. Survival distribu- 
tion was estimated by the Kaplan-Meier method. Significant 
differences in the probability of patients experiencing relapse, 
progression, or death was evaluated by the log-rank test. Cox 
multiple regression analysis was used to assess the role of NF- 
kB, TG2, and other clinicopathological factors as prognostic 
and predictive factors, after adjusting for those variables that 
resulted in significant differences on univariate analysis. 

DFS was determined from the date of surgery to the time of 
relapse. Overall survival (OS) was defined as the interval be- 
tween the date of diagnosis to the date of death or the last fol- 
low-up visit. Progression-free survival (PFS) was defined as the 
interval between the start of palliative tteatment (platinum-based 



Table 1. Transglutaminase 2 expression and clinicopathological parameters 



Parameters 


TG2 expression (No, %) 


Total 


P value 


Low TG2 


High TG2 


(n = 120) 


Aae fvr) 
<65 
>65 


37 (55.2) 
27 (50.9) 


30 (44.8) 

OA / A ri -A \ 

26 (49.1) 


67 
53 


0.714 


ECOG PS 
0-1 
2 


62 (54.4) 

o /oo o\ 

2 (33.3) 


52 (45.6) 
4 (66.7) 


114 
6 


0.41 6f 


Sex 
Male 
Female 


28 (46.7) 

OA /AO A\ 

36 (60.0) 


32 (53.3) 

O >1 1 Af\ 0\ 

24 (40.0) 


60 
60 


0.200 


Smoking history 
Smoker 
Never smoker 


21 (51 .2) 

:1 O /IT d A\ 

43 (54.4) 


20 (48.8) 

OA / d C A\ 

3b (45.6) 


41 

79 


0.847 


Histology 
Adenocarcinoma 
Non-adenocarclnoma 


58 (56.9) 

A /OO 0\ 

6 (33.3) 


44(43.1) 

^ O /A A ~7\ 

12 (66.7) 


102 
18 


0.077 


p-TNM stage 
Stage 1 
Stage ll-IV 


28 (60.9) 
36 (48.6) 


18(39.1) 
38 (51 .4) 


46 
74 


0.259 


Adjuvant chemotherapy 
Yes 
No 


43 (48.9) 
21 (65.6) 


45 (51.1) 
1 1 (34.4) 


88 
32 


0.147 


Weight loss 
Yes 
No 


3(60) 

61 (53) 


2(40) 
54 (47) 


5 

115 


i.ooof 


Operation type 
Lobectomy 
Pneumonectomy 
Segmentectomy and 
wedge resection 


59 (53.2) 
3 (60.0) 
2(50) 


52 (46.8) 
2(40) 
2(50) 


111 
5 
4 


1.000 


EGFR mutation 
Yes 
No 

Unknown 


36 (65.5) 
26 (41 .9) 
2 (66.7) 


19(34.5) 
36(58.1) 
1 (33.3) 


55 
62 
3 


0.017f 



TG2, transglutaminase 2; ECGO PS, Eastern Cooperative Oncology Group performance 
status; p-TNM, pathologic tumor/node/metastasIs stage; EGFR, epidermal grovrth 
factor receptor 



doublet or EGFR-TKI) and the time of clinical progression, death, 
or the last follow-up visit if the disease had not progressed. 

Etliics statement 

This study was approved by the institutional review board of 
Severance Hospital with a waiver of informed consent (IRB no: 
4-2013-0079). 

RESULTS 

Patient characteristics and NF-kB and TG2 expression 

Patient characteristics at baseline are shown in Table 1. A total 
of 60 men and 60 women with NSCLC were included in this 
study, with ages ranging from 41 to 84 yr (median, 64 yr). Al- 
though all patients had a preoperative diagnosis of adenocarci- 
noma, final analysis revealed 102 patients (85%) with adeno- 
carcinoma; the remainder demonsttated sarcomatoid carcino- 
ma (n = 1), squamous cell carcinoma (n = 3), large cell carcino- 
ma (n = 5), mucoepidermoid carcinoma (n = 1), giant cell car- 
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cinoma (n = 3), and other histology (n = 3). Of the 120 patients, 
11 received neoadjuvant chemotherapy. Twenty- five (20.8%) 
were current smokers, 16 (13.3%) were former smolcers, and 79 
(65.8%) never smoked. The median calculated TG2 value was 
50 (range, 0-300), and the median NF-kB value was 20 (range, 
0-240). Both NF-kB and TG2 staining mainly accumulated in 
the cytoplasm (Fig. 1). High TG2 expression was more frequent- 
ly detected in non-adenocarcinoma samples. TG2 expression 
was also related to EGFR-mutation status: more patients with 
wild-type EGFR showed high levels of TG2 expression (P = 0.017) 
(Table 1). NF-kB expression did not differ according to cUnico- 
pathological parameters (data not shown). 

Effect of NF-kB and TG2 expression on patient survival 

A total of 76 patients relapsed and 50 patients died during the 
study period. The median DFS was 24.0 months (95% confiden- 
ce interval [CI], 16.6-31.4), and there was no difference in DFS 
according to NF-kB and TG2 expression level (Fig. 2A, B). The 
median OS was not reached; the median follow-up duration 
was 38 months (range, 1.0-90.0 months). 

Univariate analysis was performed for NF-kB and TG2 ex- 



pression and for 9 clinicopathological factors: patient age, sex, 
the presence of weight loss, the Eastern Cooperative Oncology 
Group performance status, tumor histology, tumor stage, EGFR 
mutation status, and the use of adjuvant chemotherapy. We 
found that tumor stage, TG2 expression, age, weight loss, histol- 
ogy type, and EGFR mutation were statistically significant; we 
subsequently analyzed these in a multivariate model (Table 2). 
Lower tumor stage (hazard ratio [HR], 3.150; 95% CI, 1.830-5.423; 
P < 0.001) was significantiy associated with better DFS, whereas 
older age (HR, 1.743; 95% CI, 0.942-3.226; P = 0.007), weight 
loss (HR, 3.732; 95% CI, 1.235-11.273; i' = 0.020), non-adeno- 
carcinomatous histology (HR, 3.057; 95% CI, 1.469-6.361, P = 
0.003), and higher stage (HR, 4.093; 95% CI, 1.832-9.145; P = 
0.001) were independent factors associated with worse OS. EGFR 
mutation status was an independent factor associated with bet- 
ter OS (HR, 0.458; 95% CI, 0.236-0.888; P = 0.021). 

Relation between NF-kB and TG2 expression and clinical 
treatment efficacy 

A total of 28 patients received platinum-based doublet chemo- 
therapy as first-line tteatment, and 29 patients received EGFR- 




Fig. 1 . Immunohistochemical staining for nuclear factor kappa B (NF-kB) subunit p65 (A) and transgiutaminase 2 (TG2) (C) in patients with primary lung cancer Cytopiasmic 
staining of varying intensity is evident in the cancer celis. Immunohistochemicai-negative staining for NF-kB subunit p65 (B) and TG2 (D) in patients with primary iung cancer 
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0.0 



0.2 - 



20.0 40.0 60.0 

Disease free survival (months) 



Low NF-kB (n=17) 11.0 (95% CI, 6.2-15.8) 
High NF-kB (n=1 1) 7.0 (95% CI, 1 .5-12.5) 



0.0 



P=0.112 



0.0 10.0 20.0 30.0 40.0 50.0 60.0 
Progression free survival (months) 



0.0 



1.0 



0.8 



0.6 



0.4 



0.2 



0.0 



20.0 40.0 60.0 

Disease free survival (months) 



Low TG2 (n=1 8) 1 1 .0 (95% CI, 7.1 -1 4.9) 
HighTG2 (n=10) 7.0 (95% CI, 2.7-11.3) 




P= 0.330 



"0.0 10.0 20.0 30.0 40.0 50.0 60.0 

Progression free survival (months) O 



Fig. 2. Kaplan-Meier plot showing disease-free survival according to NF-kB level (A) and TG2 level (B). Progression-free survival (PFS) in patients w/ith platinum-based doublet 
chemotherapy is shown according to NF-kB level (C) and TG2 level (D). 



TKI treatment (7 as first-line, 18 as second-line, 3 as third-line, 
and 1 as fourth-line). Of the 28 patients treated with platinum- 
based doublet chemotherapy, 25 patients experienced disease 
progression; their median PFS was 8.0 months (95% CI, 5.6-10.4 
months). The median PFS for patients with low TG2 expression 
was longer than that of patients with high TG2 expression (1 1.0 
vs 7.0 months; P = 0.330) (Fig. 2C, D). No patients had a com- 
plete response to platinum-based doublet chemotherapy, 14.3% 
had a partial response, 57.1% had stable disease, and 21.4% had 
progressive disease; the overall response rate was 14.3%, and the 
disease-control rate was 71 .4%. 

Of the 29 patients treated with EGFR-TKI, 20 experienced 
disease progression, with a median PFS of 6.0 months (95% CI, 
3.8-8.2 months). The median PFS for patients with low TG2 ex- 



pression was signiHcantiy longer than that of patients with high 
TG2 expression (11.0 vs 2.0 montiis; P = 0.013), however, EGFR 
mutation and NF-kB expression were not significant factors 
(Fig. 3A-C). A total of 3.4% of patients had a complete response 
to EGFR-TKI, 20.7% had a partial response, 34.5% had stable 
disease, 34.5% had progressive disease, and 6.0% were not eval- 
uable; the overall response rate was 24.1%, and the disease-con- 
trol rate was 58.6%. 

As histology and TG2 expression levels were significant on 
univariate analysis, they were analyzed in a multivariate model 
(Table 3). In patients treated with platinum-based doublet che- 
motherapy, there were no significant predictive factors. PFS was 
longer in the low-TG2 group than in the high-TG2 group (11.0 
vs 7.0 months; P = 0.330), but this difference did not achieve sta- 
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Table 2. Univariate and multivariate analysis of prognostic factors for disease-free survival and overall survival 







DFS(n 


= 120) 






OS (n = 120) 


Variables 


Univariate 


Multivariate 


Univariate 


Multivariate 




Median (men) 


Pvalue 


Pvalue (HR [95% CI]) 


Median (mon) 


P value 


P value (HR [95% CI]) 


Aae fvr) 
<65 

>65 


26.0 
22.0 


0.892 




NR 

42.0 


0.037 


0.077 (1.743 [0.942-3.226]) 


Sex 
Male 
Female 


19.0 
26.0 


0.524 




44.0 
NR 


0.037 


0.665 (0.875 [0.478-1 .602]) 


ECOG PS 
Oorl 
2 


24 
21 


0.622 




NR 
25.0 


0.047 


0.967 (1.026 [0.31 0-3.392]) 


Smoking history 
Smol<er 
Never-smoker 


21 
24 


0.838 




NR 
NR 


0.428 




Weight loss 
No 
Yes 


25.0 
19.0 


0.117 




NR 
20.0 


< 0.001 


0.020 (3.732 [1.235-11.273]) 


Histology 
Adenocarcinoma 
Non-adenocarcinoma 


25.0 
8 


0.144 




NR 
16.0 


0.002 


0.003 (3.057 [1.469-6.361]) 


p-TNM stage 
Stage 1 
Stage ll-IV 


NR 

15.0 


< 0.001 


< 0.001 (3.150 [1.830-5.423]) 


NR 
40.0 


< 0.001 


0.001 (4.093 [1.832-9.145]) 


EGFR mutation 
No 
Yes 

UnknoM/n 


19 
32 
7 


0.725 




44.0 
NR 
17.0 


0.010 


0.005 

0.021 (0.458 [0.236-0.888]) 
0.081 (4.521 [0.829-24.643]) 


TG2 expression 
<50 
> 50 


33.0 
19.0 


0.097 


0.117(1 .436 [0.913-2.258]) 


NR 
40.0 


0.010 


0.359 (1.328 [0.724-2.433]) 


NF-kB expression 

<20 
>20 


24.0 
24.0 


0.564 




NR 
NR 


0.282 




Adjuvant chemotherapy 
No 
Yes 


24.0 
24.0 


0.685 




42 
NR 


0.468 





DFS, disease free survival; OS, overall survival; NR, not reached; ECGO PS, Eastern Cooperative Oncology Group performance status; p-TNM: pathologic tumor/node/metastasis 
stage; EGFR, epidermal growth factor receptor; TG2, transglutaminase 2; NF-kB, nuclear factor kappa B. 



tistical significance. In patients treated with EGFR-TKI, only 
high TG2 expression (HR, 2.637; 95% CI, 1.026-6.780; P = 0.044) 
was associated with poor PFS. No factors were associated with 
the response rate or the disease-control rate (data not shown). 

In patients who were positive for EGFR mutations and treat- 
ed with EGFR-TKI, there was no difference in PFS according to 
NF-kB and TG2 expression levels (Fig. 3D, E). In EGFR wild- 
type patients treated with EGFR-TKI, there was no predictive 
factor for response- and disease-control rates, however, higher 
TG2 expression was a statistically significant prognostic factor 
for PFS on multivariate analysis (HR, 5.915; 95% CI, 1.157-30.241; 
P = 0.033) (Fig. 3F, G). The PFS was 5.0 months (95% CI, 1.9-8.1 
months), 8.0 months (95% CI, 4.1-11.9 months), 5.0 months, 
and 1.0 month in patients who received first-line, second-line, 
third-line, and fourth-line treatment, respectively. PFS was not 
different between the first-line and second-line groups (P = 
0.150). In the low-TG2 group, a total of 4, 11, 1, and 1 patients 
received EGFR-TKI as first-, second-, third-, and fourth-line 



treatment, respectively. In the high-TG2 group, a total of 3, 7, 
and 2 patients received EGFR-TKI as first-, second-, and third- 
line treatment, respectively. There was no difference in the per- 
centage of patients with high TG2 expression between the first- 
line and second-Une groups (42.9% vs 38.9%; P = 1 .000). 

14 EGFR wild-type patients who received EGFR-TKI; 8 pa- 
tients showed low TG2 expression and 6 patients had high TG2 
expression. There was a significant difference in PFS between 
these groups (9.0 months vs 2.0 months; P = 0.033; HR, 5.915; 
95% CI, 1.157-30.241). 

DISCUSSION 

NSCLC is an aggressive disease characterized by rapid progres- 
sion and very poor patient survival. The majority of patients 
show resistance to conventional first-line cytotoxic chemother- 
apy. High levels of TG2 produce constitutive NF-kB activation 
and are associated with drug resistance in patients with lung 
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Fig. 3. Kaplan-Meier plot showing PFS in patients with epidermal growth factor receptor (EGFR)-tyrosine 
kinase inhibitor (TKI) therapy accor(fing to EGFR mutation status, NF-kB level, and TG2 level (A, B, C, re- 
spectively). Kaplan-Meier plot showing PFS in patients with EGFR-TKI therapy according to NF-kB level 
and TG2 level in patients positive for the EGFR mutation (D, E, respectively) and EGFR wild-type patients (F, 
G, respectively). NA, not available. 



cancer (12). We found that the TG2 expression level represents 
the level of drug resistance, as represented by the PFS in pa- 
tients with NSCLC treated with EGFR-TKI, especially in wild- 
type EGFR patients. Unfortunately, we were not able to show 
the prognostic role of NF-kB and TG2 values for DFS and OS. 

Recently, a major phase III study compared EGFR-TKI treat- 
ment with cytotoxic chemotherapy and showed a superior re- 
sponse rate and better PFS for EGFR-TKI in EGFR mutation- 
positive patients. Several studies have shown that the EGFR- 
TKIs gefitinib and erlotinib have comparable efficacy and a fa- 
vorable toxicity profQe when used for pretreated NSCLC pa- 
tients (16-22). In the present study, EGFR wild-type patients 
with low TG2 expression showed superior PFS. 

We know that TG2 causes the constitutive activation of NF- 
kB, a primary resistance regulator, through IkB-u (23). TG2 is an 



epithelial-mesenchymal transition (EMT) inducer involved in 
drug resistance (24-27). EMT has been suggested as a mecha- 
nism of resistance to EGFR-TIQ, regardless of EGFR- mutation 
status. Furthermore, loss of epithelial cadherin expression ma- 
kes lung cancer more invasive and more advanced (28). This 
finding makes TG2 especially important in patients with wild- 
type EGFR. Recent data show that patients with advanced NS- 
CLC, a wild-type EGFR status, and an epithelial phenotype be- 
nefit more from treatment with EGFR-TKIs, which indicates 
that EMT and TG2 may be used as a marker to guide individual 
EGFR-Tia therapy in this subpopulation (29). Thus, TG2 may 
be a pharmaceutical target for overcoming resistance to EGFR- 
TKI medications, and TG2 expression in patients with NSCLC 
may be a marker of EGFR-TKI efficacy. Future testing of a regi- 
men comprising EGFR-TIQs and TG2 inhibitors, in several NS- 
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Table 3. Univariate and multivariate analysis of prognostic factors for progression-free survival 







PFS1*(n 


= 28) 




PFS2t (n 


= 29) 


Variables 


Univariate 




Multivariate 


Univariate 


Multivariate 




Median (mon) 


P value 


Pvalue(HR[95%CI]) 


Median (mon) 


Pvalue 


Pvalue (HR [95% CI]) 


Aae fvr) 
<65 

>65 


8.0 

9.0 


0.872 




5.0 
6.0 


0.850 




Sex 
Male 
Female 


8.0 
11.0 


0.204 




4.0 
7.0 


0.473 




ECOG PS 
Oorl 
2 


9.0 
8.0 


0.626 










Smol<ing history 
Smol<er 
Never-smoker 


9.0 
8.0 


0.872 




5.0 
6.0 


0.604 




Weight loss 
No 
Yes 








5.0 
6.0 


0.884 




Histology 
Adenocarcinoma 
Non-adenocarcinoma 


9.0 
13.0 


0.802 




6.0 
2.0 


0.083 


0.342 (1.905 [0.504-7.201]) 


p-TNIVI stage 
Stage 1 
Stage ll-IV 


8.0 

9.0 


0.457 




11.0 
6.0 


0.677 




EGFR mutation 
No 
Yes 

UnknoM/n 


9.0 
9.0 
1.0 


0.149 




6.0 
5.0 


0.697 




TG2 expression 
<50 
> 50 


11.0 
7.0 


0.330 




11.0 
2.0 


0.013 


0.044 (2.637 [1 .026-6.780]) 


NF-kB expression 

<20 
>20 


11.0 
7.0 


0.112 




7.0 
2.0 


0.310 





*PFS1 , progression-free survival in patients treated with palliative platinum-based doublet chemotherapy; tPFS2, progression-free survival in patients treated with EGFR-TKI. 
PFS, progression-free survival; ECGO PS, Eastern Cooperative Oncology Group performance status; p-TNM, pathologic tumor/node/metastasis stage; EGFR, epidermal grovrth 
factor receptor; TG2, transglutaminase 2; NF-kB, nuclear factor kappa B. 



CLC cell lines and in a xenograft model, would help to realize 
the clinical implications of our findings. 

TG2 shows potential as a prognostic factor in patients with 
NSCLS, with greater applicability than NF-kB, however statisti- 
cal significance was not achieved in either DFS or OS. It is nec- 
essary to validate the prognostic role of TG2 and NF-kB in larg- 
er, prospective studies. In adenocarcinoma, urdike in squamous 
ceU lung cancer, various kinds of driver mutations have been 
studied and various treatment options exist. In a previous study, 
TG2 was revealed to be a significant prognostic factor in squa- 
mous lung cancer (30). It is therefore necessary to study TG2 in 
the setting of squamous NSCLC. 

In the present study, we found a longer PFS with first-line 
platinum-based chemotherapy than had been previously dem- 
onstrated (31); this could be because more patients in our study 
had adenocarcinoma histology, were male, and had EGFR mu- 
tations. Previous studies describe 85% of NSCLC patients as 
having adenocarcinoma (31), and 50% of patients as male (31, 
32). Reportedly, 46% of patients have EGFR mutations. 



EGFR mutations are known to be a strong predictive factor of 
EGFR-TKI efficacy; however, we foimd the opposite. In our study, 
EGFR mutation status was not a significantly predictive. This 
discrepancy is likely due to our small sample size, leading to a 
lack of ability to detect a significant difference in PFS. 

Our study has several limitations. First, NF-kB is an inducible 
ttanscription factor, and immunohistochemistry cannot accu- 
rately represent the status of cell apoptosis. Second, our sample 
size is too small to show the association between drug resis- 
tance and the expression of TG2 and NF-kB. Third, ElVIT mark- 
ers are not evaluated in this study. Fourth, with the use of surgi- 
cal samples for immunohistochemistry, the specimens cannot 
represent the accurate NF-kB and TG2 status immediately be- 
fore the start of treatment. Finally, immunohistochemistry scor- 
ing was performed by a single pathologist, possibly leading to 
bias. 

In conclusion, it appears that in patients with NSCLC, the 
TG2 expression level is a promising predictive indicator of the 
efficacy of EGFR-TKI therapy. Larger clinical studies, as well as 
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in vitro and in vivo studies, are needed to further investigate the 
roleofTG2inNSCLC. 
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